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X N T T F I O D U C J T I C D N 
India is basically an agricultural country, in which 
livestocK constitute an important component of animal wealth. 
The importance of buffaloes and cattle cannot be overlooKed 
because they provide meat, millc and other dairy products which 
are the enriched source of proteins of our diet. Among 
developing countries, India has a high incidence of malnutrition 
which ultimately impedes the nutritional requirements as well as 
working efficiency of Indian people. Apart from fulfilling 
nutritional requirements, the animal wealth contributes 
substantially to the welfare and economy of rural masses. 
According to a FAO report (1985) the total output of milk and 
meat of the whole world was 32 and 1.0 million tonnes 
respectively, while India alone produced 21.3 and 0.13 million of 
milk and meat. Besides providing a variety of commercially and 
economically Important products, livestock generate 32 percent 
of the total energy requirements for the rural economy 
(Odend'hal, 1972). They share 8 - 42\ in the total input of 
crop cultivation. Contemplating the vital role of cattle in our 
economy and their contribution to national income, the government 
has paid attention for the development of livestock in general, 
and buffaloes in particular. It has been estimated that animal 
husbandry generated Rs. 1,08,640 raiilion in 1984 85 which i3 
roughly 18\ of the total agricultural output. In addition tc 
this, RB. 2,000 million were added to our national economy during 
1983-84 by exporting woollen carpets. Despite their economic 
importance in national economy, the contribution made by the 
animal wealth is not very satisfactory. Poor animal health ie 
one of the reasons assigned to their meagre out put. A 
bewildering array of infectious agents of diverse shape, size, 
composition and subversive character, attack the animals with 
effectiveness and ingenuity resulting in frail and debilitating 
condition of the animal. This leads to heavy morbidity and 
mortality of livestock during epidemic out-breaks of various 
infections. 
Among the helminthic infections, paramphistomes constitute 
one of the most common and abundant groups of digenetlc 
trematodes of domestic livestock. The paramphistomes are thick-
bodied, conical or cylindrical digeneans, distinguished from 
other forms by the possession of a posteriorly located 
acetabulum, responsible for causing the disease 
"Paramphistomiasls" in tropical and sub-tropical regions. Rumen 
parasites generally render a low pathogenicity causing acute 
catarrhal and haemorrhagic inflammation in the abomasum, 
duodenum and Jejunum with associated anaemia, hypoproteinaemia 
while the amphistomes parasitizing bile duct cause superficial 
haemorrhage, pronounced periductal fibrosis and other 
hyperplastic changes. Immature paramphistomes migrating in the 
intestine cause severe pathological changes characterized by 
general debility, enteritis and development of foetid diarrhoea 
often leading to death (Baki and Hoaaain, 1990). 
A recent survey on epidemiology of paramphishtomiasis from 
our laboratory revealed varying intensity of prevalence of a 
large number of species. More than 70% of rumens were found to 
be infected, where the incidence of individual species show 
considerable variation; Qastrothylax crumenifer (32.7*), 
Fischoederiug giQngatua (6.o«), ParaffipnistQBUffi splclltun 
(51.9*), Orthocoelium scoliocoelium (16.1»). Among the bile duct 
parasites, Giqantocotyle gxplanaturo {19.6X) was the most 
widespread amphistome. A number of outbreaks of infection have 
been reported from different parts of the country. 
The devastating situation created by paramphistomiasis 
certainly requires a control measure to save our livestock. 
Before utilizing any chemotherapeutic means it is of paramount 
importance to understand the parasite metabolism, host-parasite 
relationship, diversifications of biomolecules and adaptations 
found among different groups of parasitic helminths. Knowledge 
of these aspects will be useful to explore the various mysteries 
which can be exploited rationally to control this parasitic 
menace. Before embarking upon any suggestion for control measures 
for amphistomiasis, a thorough and complete knowledge of parasite 
biochemistry and physiology is a prerequisite. Though tremendous 
amount of literature relating to the biochemistry and physiology 
of trematodes have been reviewed by many workers (Smyth & Halton, 
1983; Von Brand, 1973, 1979; Barrett, 1981) but still the branch 
of helminth physiology and biochemistry la In its infancy. 
Understanding the physiology and biochemistry of a parasite In 
Its original habitat is a difficult task. Amphlstomes llJce all 
other trematodes complete their life cycle in different 
environments and experience the challenges posed by different 
micro and macro habitats. In micro habitat a parasite has to 
struggle for their existence by adapting to various physico-
chemical conditions as a result of which a regular sequence of 
metabolic switches occur during the life-cycle of parasitic 
helminths. There are various metabolic adaptations which 
distinguish parasites from their free-living counterparts and 
give them a unique character. For example, occurence of 
anaerobic pathways for carbohydrate breakdown, presence of 
metabolic switches, metabolic shunts, reduction of catabolic and 
anabolic pathways showing biochemical economy and secretion of 
anti-enzymea etc. 
Apart from studying physiology, sound knowledge of parasite 
biochemistry is required for the development of new drugs and 
effective vaccines. The biochemical peculiarities identified 
in the parasite and host can be conveniently exploited for the 
application of chemotherapeutic and Immunological control 
measures. Thus parasitic Idiosyncraaies evoked the interest of 
investigators to unravel the mysteries of parasitic adaptations. 
Among various mfetabolic activities, carbohydrate metabolism 
has,received much attention and therefore, moat of ttie available 
anthelmintics are designed to interfere in the energy producing 
cycle of carbohydrate metabolism. Protein metabolism has so far 
been neglected and very limited work has been carried out on 
this aspect. Proteins are ubiquitous in their distribution 
performing various biological functions. They are the molecular 
Instruments through which genetic information is expressed while 
amino acids, serve as precursors of proteins. Proteins act as 
amino acid reserves, hormones, toxins, protective agents and a 
source of energy when primary energy source is lacking. 
The rapid multiplication and immense fecundity in parasitic 
worms, through asexual multiplication obviously requires and 
demands for increased rate of protein synthesis. The nitrogenous 
end products like ammonia, urea, uric acid reflect the catabolism 
of proteins. A recent study on the biochemical variation in 
amphistomes by Khan £i, al. (1990) reveal the increased 
concentrations of protein during egg production which is 
attributed to increased vitellogenesis, synthesis of egg-shell 
proteins and high protein content of the eggs. Similarly, Hanna 
et al. (1988) have also suggested an efficient protein metabolism 
in amphistomes, in order to maintain the seasonally modulated 
reproductive cycle and an increased degree of fecundity in order 
to ensure the establishment of their germ line. 
Host-parasite relationship is the most intimate of all 
relationships. Although the host provides a physical and 
chemical miljeu including pH, oxidation-reduction (redox) 
potential, availability of nutrients and inorganic compounds to 
parasites, but at the same tine it offers a complex biochemical 
environment having Intermediates and hormone regulators of host 
metabolism against which a parasite has to complete Its 
maturation process. 
As mentioned earlier, amphlstomes are economically important 
group of parasites but very little attention has been paid to 
investigate the various biochemical and physiological aspects of 
this group. Since most of the available information is confined 
to the model trematode species namely Schistosome spp. and 
Fasciola spp. Therefore the present study is an attempt to 
investigate some aspects of protein metabolism of three 
amphlstomes inhabiting two different habitats of a single host 
viz. P.eplciituiD, G. crumenJ/er, and G.explanatum (Plate. 1). In 
order to make our study comparative, qualitative and quantitative 
differences of the key enzymes and their functional role In the 
protein metabolism were investigated in the amphlstomes 
Inhabiting differnt micro environments (liver and rumen). In 
addition to this, effect of different metabolic modulators on 
the enzyme activity has also been studied. The present 
Investigation is an attempt to contribute some information in the 
protein metabolism. CJertainly many more aspects in helminths in 
general and amphlstomes in particular have yet to be 
investigated. 
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During the last two decades, parasitologists have diverted 
their attention from the classical to the applied aspects of 
parasitology in order to understand the delicate host-parasite 
relationship. The review of literature reveals that most of 
the biochemical aspects have been confined to few model helminth 
parasites, like Sc/iistosonia Spp. , Faaciola Spp. and Hymenolepia 
Spp. Members of pararaphistomatidae ( Fischoeder, 1901 ) have 
remained more or less neglected inspite of their high prevalence 
rate. In biochemistry of parasites particularly carbohydrate 
metabolism has been extensively studied while other aspects have 
remained somewhat neglected. A number of comprehensive reviews 
have been published recently ( Coles, 1975; Von Brand, 1973, 
1979; Barrett, 1981; Arme and Pappas, 1983; Smyth and Halton 
1983; Smyth and McManus 1989 ). These authors have given a 
wealth of informations on parasite metabolism and emphasised on 
their metabolic peculiarities. As mentioned above, the 
carbohydrate metabolism has received more attention while protein 
metabolism has remained somewhat neglected ( Cox, 1982; McManus, 
1986; Barrett, 1986; Mettrick, 1986 ), Occurence of an efficient 
protein metabolism can be argued by the presence of active 
physiological and biochemical processes and a variety of 
metabolic adaptations that occur among the parasites. The 
protein metabolism is significant particularly in the 
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developmental phases to maintain the germ line. The increased 
fecundity is another important aspect in which the high rate of 
protein synthesis is required for energy production. Some 
species produce astonishingly high numbers of egg, e.g. 
Fasciolopsis buskl produces 25,000 egg/ day, while a single 
ralracidium of S. mansoni may produce more than 2,00,000 cercariae 
( Smyth, 1976 ) suggesting an active protein synthesis in 
helminth parasites. Recently Khan et al. (1990) have demonstrated 
that in amphistomes the increased concentrations of protein 
during egg production could be due to an increased 
vitellogenesis, synthesis of egg-shell proteins and high protein 
content of theeggg. Hanna et al.. (1988) have also suggested an 
efficient protein metabolism in amphistomes. The protein 
metabolism and itsvarious related enzymes have also been 
demonstrated in some of the trematode parasites. It has been 
suggested that in the production of urea two important enzymes of 
ornithine cycle,arginase and ornithine carbamoyl transferase are 
widely distributed among the trematodes, cestodes and nematodes ( 
Van Grembergen and Pennoit-De(rooman , 1944; Campbell, 1963 ; Campbell 
and Lee,1963; Lopez-Gorge and Monteola, 1969). Furthermore, the 
essential amino acids of the ornithine cycle(ornithine,cltrulline 
.arginine, aspartic acid and glutamic acid ) were found as free 
amino acids in the liver fluke (Ehrlich etai., 1963). Similarly, 
various end products of protein metabolism have also been 
reported from some helminth parasites which suggest the 
1 n 
nature of the metabolism. Ammonia and urea are reported to be 
excreted by a number of parasites. Among trematodes, Fasciola 
glgantlca ( Lutz & Siddiqi, 1971 ). F. hepatica ( Flury & L.eeb, 
1926; Van Grembergen & Pennoit -Deccooman, 1944; Ehrlich et al., 
1963; Moss, 1970 ) and Schistosoma mansoni ( Senft, 1963 ) H. 
dimlnuta ( Webster & Wilson, 1970) excrete ammonia and urea. In 
cestodes amino acids and soluble proteins have also been reported 
In , the protonephridial canal fluid. A recent study on helminth 
parasites reveals that G. explanatum excretes ammonia, urea and 
uric acid while G. crumenifer and S. globlpunctata excrete 
ammonia and urea. Further, it has been observed that different 
parasites inhabiting different habitats show some variations in 
their excretory products, and this variation has been correlated 
with the physico-chemical nature of the habitat ( Abidi, 1990 ). 
The transport of amino acids has also been investigated in a 
number of helminth parasites which provide ample evidence that 
active protein metabolism is operative. The uptaKe of a variety 
of amino acids under in vitro conditions has been demonstrated in 
F. hepatica, ( Ehrlich et al., 1963; Pantelouris,1964a,b; 
Thoraell and B)orl(man, 1965; Knox, 1965a,b) and in S. manaoni ( 
Senft, 1963, 1965, 1966 ). The incorporation of leucine in the 
vitelline cells of F. hepatica was demonstrated by Hanna (1976). 
This study is significant, because, vitelline cells are actively 
involved in the protein synthesis. Following absorption, the 
amino acids may undergo various anabolic and catabolic processes 
involving a wide array of enzymes. 
'1 
The efficiency of protein metabolism can not be established 
until and unless the different key enzymes of protein metabolism 
have been demonstrated. A number of key enzymes belonging to 
the group of transaminases, oxido-reductases, and deaminases have 
been investigated in some parasites ( Barrett, 1981 ). The most 
important of these enzymes include aspartate transaminase (GOT), 
alanine transaminase ( GPT ), ornithine transaminase, glutamate 
dehydrogenase ( GLDH ), Y-glutamyl transpeptidase, arginase and 
monoamine oxidase ( MAO ). 
Among helminths, GLDH activity has been reported from F. 
hepatlca, D. dendrlticum, p. cervl ( Krvavica et al., 1967) and 
in Microphallus pygmaeus ( Pascoe, 1970 ). While, kinetic 
parameters of GLDH of amphistomes have been studied by Abldi 
and Nizami (1986). 
Besides this, another important group of enzymes of protein 
metabolism is transaminases. In transamination oC-amino group is 
transferred to an otKeto acid usually oC-ketoglutarate or 2-
oxoglutarate. The 2-oxoglutarate linked transaminases are 
widely distributed in parasitic helminths. Aspartate : 2-
oxoglutarate transaminase and Alanine : 2-oxoglutarate 
transaminase have been found virtually in every helminth 
investigated so far. The 2-oxoglutarate linked transaminases 
have been found to be active with a variety of amino acids' e.g. 
arginine, leucine, isoleucine, methionine, phenylalanine, serine, 
tyrosine, valine, proline, ornithine, 4-amino butyrate ( Barrett, 
1981 ). Among helminths, the transaminases have been investigated 
in a number of species ( Garson and Williams, 1957; Sturn et al., 
1972; Tendon and Mlsra, 1984 ). Transaminases have also been 
Investigated in F. hepatlca ( Daugherty, 1952, Connolly and 
Downey, 1968; Kurelec, 1975, 1963; Coles, 1973, Goldberg et al., 
1980; Park et al., 1983; Lee et al., 1983 ), in 5. mansonl ( 
Coles, 1973a, 1973b, 1975; Goldberg et al.. 1980 ) in S. 
japonicum (Huang, et al., 1962; Coles, 1973a, 1975; Smyth, 1966 ) 
in Paramphiatomum explanatum ( Goil, 1978 ), in P. cervl ( 
Singh and Sharma, 1983 ), in il. galli ( Singh and Srivaatava, 
1983 ), in A. 3uum ( Dubinsky et al., 1984; Zenka and Prokopic, 
1983 ) in Nlppostrongylus braslliensls ( Watts and Atkins, 1983, 
1984 ), and in A. lumbrlcoides ( Pollack and Fairbairn, 1955 ). 
Alanine and aspartate transaminase activities were also reported 
from redia of Cryptocotyle lingua and sporocyst of Cercaria 
emasculans ( Watts, 1970 ). Huang et al., (1962) have tested 22 
amino acids to see the transaminase activity in the homogenates 
of Schistosoma Japonicum, but only alanine, arginine and 
aspartate served as oC-araino donors for the formation of glutamate 
from t<.-ketoglutarate. 
The Aspartate: Pyruvate transaminase system has also been 
detected in H. diminuta, A. lumbrlcoides, F. hepatlca and larval 
trematodes ( Barrett, 1981 ). It has also been reported that in 
pyruvate transaminase reaction, ornithine in F. hepatlca and 
glycine and serine in A. lumbrlcoides act as donors ( Barrett, 
1981 ). In cestodes, transaminases have been demanstrated in 
Hymenolepis spp., Anoplocephala magna. Ralllietina cesticillus. 
2 
T. taeniaeformis, M. expansa and Lytocestus indlcus ( Barrett, 
1981; Smyth, 1969 ). Some 17 amino acids failed to act as amino 
acid donors in transamination reactions with Hymenolepia ( 
Smyth, 1969 ). Ornithine- 5 -transaminase, a key enzyme in 
proline biosynthesis in mammals ( Meiater, 1965; Strecker, 1965 
), also occurs in the liver fluke F. hepatlca ( Ertel and 
Isseroff, 1974, 1976) and in the blood fluke S. manBoni 
(Goldberg et ai., 1979 ). In F. hepatlca, ornithine is probably 
derived primarily from the cleavage of arginine by arginase, 
while proline appears to be the end product of arginine 
catabollsm. ( Barrett, 1981 ). In Ancyloatoma ceylanicum and 
Nlppostrongylus brasilienaia, high activity of ornithine 
transferase , catalyzing the conversion of ornithine to glutamic-
Y-semialdehyde, is reported which is then fruther converted to 
glutamate ( Sharma et al., 1991 ). 
Recently, 2-oxogiutarate linked aspartate, alanine, leucine, 
proline, methionine and ornithine transminaseB have also been 
iWvestigated in G. explanatun and G. crumenlfer ( Abldi, 1990 ). 
Further, it has been observed that there are quantitative 
differences in the enzyme level of mitochondrial and cytooolic 
fractions of amphistomes inhabiting liver and rumen. 
Comparatively aspartate and alanine transaminases activities were 
found maximum in these parasites. 
Thus the transamination reaction allows the collection of 
the amino group from different amino acids in the form of a 
single product, glutamate, Glutamate may subsequently act as 
donor for the formation of a variety of nitrogenous end products 
( Barrett, 1981) and may lead to the generation of ATP in 
mitochondria ( Saz, 1971 ) or else glutamate may also serve as a 
precursor for various non-essential amino acids (Von Brand, 1979). 
h number of membrane bound enzymes have also been 
localized by many workers and their function has been assigned to 
transmembranosls ( Erasmus, 1968; Threadgold, 1968; Dixon, 1970). 
The transport mechanism of amino acids Involves the Y-glutamyl 
cycle which operates in the presence of a sequence of six 
Important key enzymes. Among these enzymes, Y-glutamyl 
transpeptidase is an important Key enzyme which is membrane 
bound. The functional aspect of this enzyme is little known In 
helminths. Presence of Y-glutamyl transpeptidase ( Y-GTP ), Y-
glutamyl cyclo transferase and 5 -oxoprolinase has been reported 
in M. benedeni while it is absent in A. lumbrlcoldes and F. 
hepatlca ( Barrett, 1981 ). Recently, Y-glutamyl transpeptidase 
has been reported from amphistomes ( Abldi, 1990 ) but its 
functional role has not been assigned. 
The foregoing review indicates that helminth parasites have 
the ability to produce certain amino acids which are essential 
for the life processes, by transamination. But before the 
commencement of any metabolic reaction an amino acid has to be 
transported across the cell membrane from the outside. In 
helminths, various mechanisms have been reported for the 
transport of amino acids e.g. passive diffusion, mediated 
diffusion ( facilitated diffusion ), exchange diffusion, active 
1 c 
transport etc. which involve a membrane bound enzyme Y-GTP. 
In the transport mechanism , the body surface of 
pLatyhelralnths plays an important role in maintaining a dynamic 
state of biochemical and physiological interplay to establish a 
successful host-parasite relationship. The tegument is permeable 
to a wide variety of low molecular weight organic solutes and 
micronutrients lilce amino acids ( Chappell, 1974 j Mercer and 
Chappell. 1985; Aach and Read, 1975a; Pappa8.1988 ). However, 
little is known about the uptake by trematodes. 
In an attempt to establish the roles of intestine and body 
surface, uptake of radio labelled substrates were studied with 
llgated and unligated oral suckers of trematodes . Isseroff and 
Read ( 1969 ) demonstrated the uptake of labelled amino acids In 
both llgated and unligated worms Incubated for 2 minutes and 
concluded that the amino acids were absorbed across the tegument. 
The initial tegumentary absorption of amino acids followed the 
process of diffusion in F. hepatica and Fascioloides magna 
(Isseroff and Read, 1969 ). Although the experiments with 
llgated parasites can provide important inforfflation about the 
mode of uptake, but the procedure of ligation itself may cause 
singlfleant damage to the parasite surface, thereby affecting the 
results of the uptake studies ( Halton and Arme, 1971; Nollen and 
Nadakavukaren, 1974 ). Kurelec and Ehrllch ( 1963 ) found 
significant loss of amino acids in F. hepatica, with llgated oral 
suckers. The uptake of a variety of amino acids under In vitro 
conditions has been demonstrated in F. hepatica ( Ehrlich et al.. 
1963; Pantelouris, 1964a,b; Thoraell and Bjorkman, 1965; Knox, 
1965a, b ) in S. mansoni ( Senft, 1963, 1965, 1966 ). 
fts far as route of amino acid uptake is concerned, the 
surface topography of trematodes reveals certain morphological 
features which play an important role in absorptive functions 
(Smyth and Halton, 1983 ). Some workers have concluded that the 
tegument is the principal route of micro-molecular interchange 
with the medium during short term in vitro incubations ( Asch and 
Read, 1975a; Mercer and Chappell, 1985; Isseroff and Read, 1969; 
iBseroff et al., 1972a and Lumsden, 1975 ). Permeability and 
other functions are often augmented by ultra structural features 
which conform to the absorptive function of tegument ( Lumsden, 
1975 ). The surface coat or glycocalyx also reportedly influences 
the absorptive properties of the body surface and the specialized 
region of the tegument called "hold fast" which may play a major 
role in extra-corporeal digestion and absorption (Barrett,1981). 
More recently, Arme ( 1988 ) has reviewed the ontogenlc changes 
in helminth membrane function while Pappas ( 1988 ) discussed the 
relative role of the intestine and external surfaces in the 
nutrition of helminths. 
The tegument in schistosomes appears to be the major route 
for the absorption of amino acids ( Asch and Read, 1975b; 
Chappell, 1974 ). The sex related differences as well as 
differences in the uptake of amino acids by paired and unpaired 
schistosomes have also been investigated ( Cornford and 
Oldendorf, 1979; Senft, 1968 ). The incorporation of (^ H ) 
17 
leucine In F. hepatica clearly reveals that this amino acid is 
involved in the synthesis of T secretory bodies by involving the 
granular endoplasmic reticulum and golgi complex ( Hanna & 
Threadgold, 1975 ). A number of kinetic studies describing the 
mechanism, specificities and rate of amino acid transport have 
been comprehensively reviewed by many workers ( Pappas & Read, 
1975; Von Brand, 1979; Podesta, 19B1; Smyth & Halton, 1983 ). 
Studies on the uptake kinetics of amino acids have been carried 
out on cysticercoldes of H. dlminuta and protoscoleces of E. 
granulosus by Jeffs and Arme ( 1984, 1985a,b, 1986 ) and on adult 
Bchistosomes by Mercer and Chappell (1985b) and Cornford (1985 ). 
Various mechanisms for the transport of amino acido like 
passive diffusion, mediated transport ( active & passive ), 
exchange diffusion or bidirectional flux and counter flow in 
helminths have been reviewed by Pappas and Read ( 1975 ). 
According to these authors the uptake of most of the amino acids 
In H. dlminuta is by mediated process showing saturable and 
stereospecific kinetics. Though the diffusion component la 
common, but it has not always been taken into consideration ( 
Lussier, 1977; Wlnne, 1977 ). An absorptive surface covering is 
a stationary layer of fluid ( unstirred layer ) which can be 
crossed by substances via diffusion ( Barrett, 1981 ). The 
unstirred layer offers considerable amount of diffusion 
resistance and leads to over estimation of substrate affinity and 
velocity of uptake ( K^. and V^ j^ j^  values ). According to Podesta 
( 1981 ) the diffusion component ( Kd ) in the fluxes of leucine, 
1 ft 
alanine and methionine represent facilitated rather than Flcklan 
diffusion. The occurence of a large diffusion component in 
helminths is well documented in transport studies ( Eavenson & 
Christensen, 1967; Woodward & Read, 1969; Hampton, 1970 ). 
However, some of the amino acids like methionine, proline, 
histldine, cycloleuclne and 2-aminoisobutyrate by H. diminuta 
are accumulated against concentration gradient, suggesting the 
Involvement of active mediated transport, obeying the Hichaelis -
Henten Kinetics ( Barrett, 1981 ). The uptake of substances in 
active transport follows a saturation kinetics indicating the 
involvement of enzyme system ( Smyth, 1966 ). 
Recently, from our laboratory the transport of amino acids 
have been investigated in helminths ( G.explanatum, G.crumenifer, 
and S. globipunctata ) and their differences in incorporation 
have been demonstrated by using autoradiography and scintillation 
counting. Kinetic studies have been carried out by using L-( H ) 
leucine, L- ( ^ H ) alanine and L- (^ H ) methionine. The time 
lapse study revealed the linear uptake over the first 5 min of 
incubation at 1 mM concentration, while at different 
concentrations of amino acid ranging from 0.2 mM to 1.0 mM the 
uptake was reported to occur via a mediated process alongwith the 
involvement of a diffusion component in all the amphlstomes 
except for methionine in S. globipunctata in which only the 
mediated process was involved. Higher uptake velocity ( V^ j^ j. ) 
for leucine was reported in all the three parasites showing 
greater metabolic reguirements of this amino acid. Further, it 
-' Q 
was suggested that the uptake of labelled amino acids in the 
presence of increasing concentration of their unlabelled 
homologues indicates the involvement of a carrier (Abidi, 1990). 
A number of membrane bound enzymes have been localized by-
many workers and their function has been assigned in 
transmembranosis ( Erasmus, 1968; Threadgold, 1968; Dixon 1970 ). 
Among the various membrane bound enzymes, Y-glutamyl 
transpeptidase ( Y-GTP ) is mainly involved in the amino acid 
transport. However, very little is known about the functional 
aspect of this enzyme in helminths. 
The foregoing review reveals that only some aspects of the 
protein metabolism have been Investigated in a number of 
trematode species but still there are many lacunae in 
understanding of protein metabolism. In view of this the present 
study was undertaken to investigate some of the key enzymes of 
protein metabolism, their sub-cellular distribution and 
functional role. This study is essential because the parasites 
inhabiting different ecophysiological condtions showed some 
quantitative and qualitative differences, which can be exploited 
as an important avenue for chemotherapeutlc control measure. 
MATER-IALS AND METHODS 
Adult and mature Gastrothylax crumenifer, Paramphistomum 
eplclitum from rumen and Gigantocotyle explanatum from liver were 
collected during the month of July to October from Indian water 
buffaloes. Bubalus bubalis, freshly slaughtered at local 
abattoir. The worms were brought to the laboratory expeditiously 
and washed in three changes of Han)c' s balanced salt saline 
without glucose, pH 7.4, premaintalned at 37 + 2* C. The worms 
were minced finely and homogenized in Potter-Elvehim glass teflon 
tissue homogenizer containing 0.05 M tris-HGl, pH 6.8, as 
homogenization buffer, 0.25 M sucrose, 100 mM KCl, 1.0 mM MgCl2 
and 0.5X bovine serum albumin (BSA). 
Isolation of Oytosolic and Mitochondrial fractions : 
In order to investigate the activity of transaminases in 
cytosolic and mitochondrial fractions, the worms were subjected 
to subcellular fractionation using the differential 
centrifugation technique (Fig.l) of Podesta et aJ.(1986) with 
some minor modifications. First, the homogenate was coarsely 
filtered through a muslin cloth in order to remove the debris. 
The resultant filtered homogenate was then subjected to 
differential centrifugation. The homogenate was centrlfuged at 
500xg twice for 20 min to remove the debris. The pellet was 
discarded and the supernatant was centrifuged twice at lOOOxg for 
15 min. Pellet obtained after this centrifugation contained 
nuclear fraction which was also discarded. The supernatant was 
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again centrifuged at 8000xg for 30 min. The resultant pellet 
contained mitochondrial fraction while supernatant contained 
cytosolic fraction. The mitochondrial pellet suspended in 0.05 M 
tris-HCl buffer pH 6.8 with 0.5\ BSA, was then again centrifuged 
twice at leoooxg for 15 to 20 min. Thereafter, the pellet was 
again washed twice with tris-HCl, pH 6.8 without BSA and 
centrifuged. The pellet was resuspended in working 80 mM 
phosphate buffer pH 7.4 and then subjected to gonication for 30 
to 60 seconds in order to disrupt the mitochondrial membrane by 
using a 5 mm probe ultrasonic disintegrator (Ralsonics, India) 
under cold conditions. The purpose of sonication was to release 
the enzymes in between outer and inner membranes . 
Aaaay of transaminases : 
The transamination involves the transfer of oi-amino group 
from the amino acid to a 2-keto acid, usually 2-oxoglutarate. In 
transamination, o^-amino group is transferred to cK.-keto acid 
usually (7<-ketoglutarate or 2-oxoglutarate. A generalised reaction 
can be summarised as: 
L-aspartate + 2-oxoglutarate ^ ^ Oxaloacetate +L-glutamate 
A number of donor amino acids, aspartate , arglnlne, glycine 
and valine were used. The 2-oxoglutarate linked transaminases 
i.e. aspartate, arginine, glycine and valine transaminases have 
been assayed in cytosolic and mitochondrial fractions according 
to the spectrophotometric method of Bergmeyer(1974). 
The typical enzyme assay mixture of total volume 3.7 ml 
contained 80 mM phosphate buffer, pH 7.4, 200 mM amino acid. 
0.18 mM NADM, MDH and LDH, 0.5 mg proteln/itil, 12 mM 2-
oxoglutarate and enzyme preparation. The change in absorbance, 
^E/min, was recorded for 3 min at 340 nm using a silica cuvette 
and an extinction coefficient value of 6.22 for NADH was employed 
for the calculation of the amount of NADH oxidised. Specific 
enzyme activity is described as M moles NADH oxidised per mg 
protein per h. However, every care was taken to avoid the 
interference by GLDH in the assay procedure for which ammonium 
ion concentration was reduced to negligible amount as the enzyme 
solutions were prepared in 50* glycerol and in the absence of 
ammonium ions GLDH does not oxidise NADH. 
Effect of inhibitors J 
To study the effect of various inhibitors. like 
cycloheximide (CH), sodium diethyldithiocarbamate (DDC), ethylene 
diamine tetra acetic acid (EDTA), iodoacetamide (lA) and 
semicarbazide (SO, each inhibitor was used in the concentration 
of 1 mM and added into the assay mixture without changing the 
total volume (3.7 ml). The rest of the procedure was same as 
described earlier. 
O-glycine uptake by liquid scintillation counting t 
This study is carried out in liver and rumen amphistomes, 
G.explanatum and G.crunenlfer. Freshly collected worms were 
thoroughly washed in HBSS and pre-incubated for 4 hrs, without 
glucose. Following starvation, worms were incubated in the medium 
containing ^*C labelled glycine (Specific activity: 10m ci/mmole) 
The method of Jeffs and Arme (1987) with some modifications 
has been followed In the kinetic study of glycine uptake by the 
helminth parasites under study. 
(a) Time lapse study : 
In order to see the effect of different time periods on the 
uptake mechanism, G.explanatum and Ccritmenifer were incubated in 
1 mM concentration of glycine with radioactivity 0.125 ju ci/ ml, 
for 2,4,5,10,15,20 and 25 min in metabolic shaking water bath, 
pre-malntained at 37+2'C. Thereafter, the incubated worms were 
immediately rinsed and vortexed three tinea in ice cold saline 
without any labelled material in order to remove adherent 
isotopes. Then the worms were soaked on the absorbent paper and 
kept for 48 hrs, in 70X ethanol for the extraction of 
incorporated activity. To each scintillation vial, scintillation 
cpcktail (Opti Phase Hi Safe' 3, LKB Scintillation Products 
England) was added and counted for 1 nin in Wallac.1410 Liquid 
Scintillation Counter, Sweden. 
(b) Effect of amino acid concentration : 
In order to see the effect of different glycine 
concentrations and to test the saturable, carrier mediated 
uptake, various concentrations ranging from 0.2 to 2.0 mM were 
prepared in Hank's with final radioactive concentration at 0.13 AI 
cl/ml. The worms of each species were incubated in the medium for 
5 min at 37+ 2* C. Cornford (1985) has also used the same 
protocol in various preparation by using fixed quantity of 
labelled amino acid with varying quantities of their unlabelled 
homologues in order to study the saturable, carrier mediated 
transport for gchistosomea. 
Unit : 
The uptake of amino acids in the Kinetic studies has been 
expressed as ju moles of amino acid incorporated per mg wet weight 
per min. 
Y-Glutamyl Transpeptidase ( Y-GTP) : 
In order to see the possible functional role of Y-GTP in 
G.explanatum and G.crumenlfer the parasites were incubated in 
1 mM glycine for 20 min. Enzyme activity was assayed in both the 
above mentioned parasites. A control was also run simultaneously. 
This membrane bound enzyme is involved in the amino acid 
transport and a key enzyme of Y-glutamyl cycle. The enzyme 
activity has been determined according to the method of Szasz 
(1974). 
The assay mixture (total volume 2.1 ml) contained 4.0 mM L-
Y-glutamyl p-nitroanillde, 50 mM glycylglycine, 10 mM MgCl2.48 mM 
ammedlol buffer, pH 8.2 and enzyme preparation. Simultaneously, 
blank devoid of enzyme sample was also prepared. The change in 
absorbance indicating the liberation of p-nitroaniline was 
recorded at 405 nm on Spectronic-1001. 
Enzyae Unit: 
The specific enzyme activity is expressed as n moles p-
nitroaniline liberated per mg protein per h. 
Protein Estimation: 
Protein estimation was carried out by Dye binding method of 
Bradford (1976) as modified by Spector(1978) using BSA as 
standard. 
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The r<="°mltf of present investigation reveal that the 2-
oxoglutarate Linked transaminases occur in G.crumenifer, 
P. epicli turn, and G.explanatum. Transaminases the key enzymes of 
protein metabolism, were found both in cytosolic and 
mitochondrial fractions with varying degree of specific enzyme 
activity (Tables 1 S. 2, Figs. 2 & 3). Three species of 
amphlstomes inhabiting two different habitats under study show 
different rates of transamination for aspartate (Asp.), arginine 
(Arg.), glycine (Gly.) and valine (Val.). These amino acids act 
as donor amino group in this reaction. 
Among the various transaminases studied, aspartate 
transaminase activity was found to be maximum in both cytosolic 
and mitochondrial fractions of the three species of amphistomes. 
Quantitative differences in the transamination of donor amino 
acids were found not only in the cytosolic and mitochondrial 
fractions of different species of parasites but variations in 
two fractions of the same parasite have also been observed. In 
the cytosolic fraction of G. cruineni/er, specific activity of 
aspartate transaminase was found maximum followed by valine, 
glycine and arginine transaminases (Table 1 & Fig. 2). 
In order to study the influence of various enzyme modulators 
on 2-oxoglutarate linked transaminases, a number of inhibitors/ 
stimulators like cyclohexiraide ((JH), sodium diethyl dlthio 
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carbamate- (DlXJ^ , ethy lenediaminetetra-acetic acid (EDTA), 
lodoacetamlde (lA) and semicarbazide hydrochloride (SO were 
used. 
The effects of these modulators on the transaminase activity 
varied ranging from stimulation, inhibition to no effects (Table 
3-10). All the inhibitors produced varying degree of inhibitory 
effects in the cytosolic and mitochondrial fractions with the 
exception of cycloheximide and EDTA which produced stimulatory 
effects, only in the cytosolic fraction of G.explanatum 
particularly when valine was used as a BUbstrate (Table, 9). 
It was observed that DDC and semicarbazide did not produce 
any effect on the arginine transaminase activity of cytosolic 
fraction of G.crumenifer,(Table, 5). Similarly, EDTA showed no 
effect on arginine transaminase activity of mitochondrial 
fraction in G.explanatum (Table, 6). The mitochodrial arginine 
transaminase of G. crumenifer and P.epiclitum also does not show 
any response in the presence of iodoacetamide (Table, 6). 
Further, DDC and SC were unable to induce any effect on valine 
transaminase of G.explanatum and P.eplclltujB (Table 9 & 10). 
With the exception of above mentioned examples, the 
remaining modulators act as inhibitors of Asp., Arg., Gly. and 
Val. transaminases. The degree of inhibition shows considerable 
variations and therefore quantitative variations at interspecific 
as well as cytosolic and mitochondrial fractions were noticed. 
(I) ASPARTATE TRANSAMINASE : On comparing the transaminases, 
aspartate transaminase was found to be maximum in P. eplclltum as 
compnrr'M in G. '^xplanatvm and G. crumenifer . When the effect of 
Inhitili'it'i or> a^ partatf^  trannamlnase was compared in the 
cytosollc fraction of G. crumenifer, it was noticed that EZ>TA 
producer! more effect followed by iodoacetaraide, sernicarbazide, 
cyclohexSinide and DLX: (Table, 3). In P.epiclitum, aspartate 
tranaaminaae activity was inhibited by CH more effectively. 
Cycloheximide is also very effective in G.explanatum rendering 48 
X inhibition as compared to other inhibitors (Table, 3). 
In the mitochondrial fractions, the aspartate transaminase 
activity was found higher in all the three parasites under study. 
However,interspecific differences were noticed (Table, 2) among 
the parasites under study. The maximum enzyme activity in the 
mitochondrial fraction was found in the following order : 
P. eplciltujTJ > G.explanatum > G. crumenifer 
Effect of inhibitors on 2-oxoglutarate linked transaninaBe 
activity using aspartate as substrate (Table, 4) reveals that 
inhibitory effects in the mitochondrial fractions are greater in 
comparison to cytosollc fraction (Table, 3). In the mitochondrial 
fraction, DDC produced more inhibitory effect (50 X) as compared 
to EDTA, iodoacetamide and sernicarbazide which produced 38 X 
inhibition while CH produced only 25 * inhibition in G.crumenifer 
(Table). Aspartate transaminase in the mitochondrial fraction of 
P.epiclitum showed more sensitivity to iodoacetamide while the 
other modulators produced lesser degree of inhibition. In the 
liver parasite, EDTA was found to be very effective, producing 52 
X inhibition. 
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(II) ARGININE TRANSftHINASE: 
Cytoaolic arglnine transamlnaae was found more active in the 
liver parasite (G.explanatum) while in rumen parasites 
(G.crumenlfer and P.epiclitum), enzyme activity was slightly 
lower (Table, 1). When the effect of various inhibitors was 
studied on the transaminase activity of cytoaolic fraction 
(Table, 5), it was observed that iodoacetamide produced more 
effect (33 *) followed by CJH (22 X) and EDTA (11 X) while DDC and 
aemicarbazide did not show any effect in the cytoaolic fraction 
of G.crumenifer. Effect of cycloheximide was more pronounced than 
the other inhibitors in P.epiclitum. In G.explanatum, arglnine 
transaminase was more sensitive to semicarbazide which produced 
65 X inhibition as compared to DDC (60 X), CH (57 X), EDTA (54 X) 
and iodoacetamide (54 X). 
On comparing the activity of arglnine transaminase (Table, 
2) in the mitochondrial fraction it was observed that activity is 
more in rumen parasites as compared to liver parasite. This 
observation is contrary from the cytoaolic fraction (Table, 1). 
Activity of arglnine transaminase was found maximum in 
C.crumenifer followed by P.epicJitunj and G. explanatum. 
When the effect of various inhibitors on the mitochondrial 
enzyme activity was studied (Table, 6), it was noticed that in 
C.crumenifer EDTA inhibited 63 X enzyme activity while 25 X 
inhibition was noticed in presence of CH, DDc:; and SC. Further, 
iodoacetamide showed no effect on this enzyme. In P.epiclitum 
DDC, EDTA and SC inhibited (40 X) considerably wnile CH produced 
3C 
low inhibitory effect. lodoacetamicle again did not show any 
effect on the arginine transaminase activity. In the liver 
parasite CH was very effective, producing 67 X inhibition in the 
enzyme activity while DOC, iodoacetamide and SC produced more or 
leas similar inhibitory effects. EDTA has no effect on this 
enzyme. 
(Ill) CLXCIU£ TRANSAMINASE: 
The cytoaolic enzyme activity of glycine transaminase was 
more in P.eplclitum in comparison to G.explanatum and 
C.crumenifer (Table, 1). Effect of inhibitors on the cytoaolic 
glycine transaminase (Table, 7), reveals that the enzyme of 
C.crumenifer is very sensitive to DDC producing 50 % inhibition 
while in P.epiclitum, CH produced maximum inhibition as compared 
to other inhibitors under study. In the liver parasite, CH, DEX: 
and iodoacetamide were found to be more inhibitory as compared to 
others. 
In the mitochondrial fractions of three parasites under 
study glycine transaminase activity was found maximum in the 
following order : 
G.crumenifer > G.explanatum > P.eplclitum 
The reaulta of the effect of different inhibitors on the 
mitochondrial glycine transaminase is summarised in Table,8. It 
can be seen that in G.crumenifer, CH, DDC and EDTA produced 50 X 
inhibition, while in P.epicJjtum EDTA and iodoacetamide 
produced pronounced inhibitory ettects (57 %), DDC and 
semicarbazide were slightly inhibitory as compared to other 
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inhibitors under study. In the liver parasite EDTA was very 
effective producing 79 \ inhibition followed by semicarbazide 
(69 X) cycloheximide, DDO and lodoacetamide produced more or less 
similar inhibitory effects (59 %). 
(IV) MLim TRftNSAMINftSE : 
On comparing the enzyme activity of 2-oxoglutarate linked 
cytoaolic valine transaminase it was observed that in 
C.crumenifer enzyme activity was more followed by G.explanatum 
and P.epiclltum. In G.crumenifer DDC and semicarbazide produced 
maximum inhibitory effects on the cytosolic valine transaminase 
(Table, 9).In P.epiclltum inhibitory effect was higher in 
presence of CH and EDTA whereas DDC produced negligible 
inhibitory effect. In the liver parasite stimulatory effect was 
noticed in the presence of cycloheximide and EDTA. While DDC did 
not produce any effect on the cytosolic enzyme activity. 
Inhibition was noticed only by SC (25\) and lodoacetamide (19%). 
The activity of valine transaminase in the mitochondrial 
fractions of the amphistomes under study was in the following 
order : 
G.crumenifer > G.explanatum > P.epiclltum (Table, 2). 
The effects of various inhibitors on the mitochondrial 
enzyme are summarised in Table, 10. The result reveals that in 
the rumen parasite G.crumenifer EDTA inhibited effectively while 
remaining inhibitors have low inhibitory effects on valine 
transaminase activity. In P.epiclltum, enzyme activity was very 
sensitive to cycloheximide as compared to other inhibitors. In 
V.I <• 
Table-1. 2-Oxoglutarate linKed transaminases in the cytosolic 
fraction of amphlstomes. 
Substrate G.crumenifer P.epiclitum G.explanatum 
Aspartate 10.047 + O.OOl 15.287 + O.OOl 7.288 + 0.001 
Arginlne 0.548 + O.OOl 0.884 + O.OOl 1.739 + 0.007 
Glycine 0.608 + 0.001 1.322 + 0.001 0.940 + 0.002 
Valine 0.791 + O.OOl 0.737 + 0.001 0.752 + 0.001 
Values in M moles NADH oxidised/mg protein/h + SEM 
Table-2. 2-Oxoglutarate linked transaminases in the mitochondrial 
fraction of amphistomes. 
Sbustrate G.crumenlfer P.epiclitum C.explanatum 
Aspartate 5.172 + O.OOl 8.190 + 0.001 5.782 + 0.005 
Arginine 2.586 + 0.001 1.212 + 0.001 1.067 + 0.001 
Glycine 2.586 + O.OOl 1.697 + 0.001 1.719 + 0.001 
Valine 1.939 + O.OOl 0.969 + 0.001 1.067 + 0.001 
Values in AJ moles NADH oxidised/mg protein/h + SEM 
Three replicates for each estmation were determined. 
Fig. 2: The 2-oxoglutarate linked transaminase activities in the 
cytoaolic fraction of G.crumenifer, P.epiclitum and 
G.explanatum. 
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Table-3 : Effect of inhibitors on aspartate transaminase activity 
in the cytosolic fraction of afflphistomes. 
Inhibitors G.crumenifer P.epiclltum G.explanatum 
OH 9.073 + 0.004 11.833 + 0.006 3.761 + 0.001 
(9.69%) (22.59*) (48.39X) 
DDC 9.256 + 0.010 12.568 + 0.008 5.172 + 0.005 
(7.87\) (17.78») (29.03X) 
EDTA 7.733 + 0.009 14.552 + 0.006 5.878 + 0.012 
(23.03*) (4.80») (19.34X) 
lA 8.160 + 0.002 13.964 + 0.012 6.536 + 0.006 
(18.78\) (B.65X) (10.31\) 
SO 9.012 + 0.001 14.846 + 0.004 6.536 + 0.004 
(10.30*) (2.88X) (10.31\) 
Values M moles NADH oxi(Jised/mg protein/h + SEM 
Figures in parantheses indicate percent Inhibition. 
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Table-4 : Effect of inhibitors on aspartate transaminase activity 
in the mitochondrialfTaction of amphistomes. 
Inhibitors Cerumen! fer P.epiclitum G.explanatim 
OH 3.879 + 0.001 7.031 + 0.001 4.785 + 0.005 
(25 \ ) (14.15%) (17.24%) 
DDC 2.586 + 0.001 7.516 + 0.001 3.190 + 0.001 
(50 X ) (B.22X ) (44.82X) 
EDTA 3.232 + 0.001 6.789 + 0.004 2.791 + 0.002 
(37.50\) (17.10*) (51.72*) 
lA 3 . 2 3 2 + 0 . 0 0 1 6 . 5 4 6 + 0 . 0 0 2 3 . 1 9 0 + 0 . 0 0 2 
( 3 7 . 5 0 % ) ( 2 0 . 0 7 % ) ( 4 4 . 8 2 % ) 
SG 3 . 2 3 2 + 0 . 0 0 1 6 . 7 8 9 + 0 . 0 0 1 3 . 7 8 8 + 0 . 0 0 5 
( 3 7 . 5 0 % ) ( 1 7 . 1 0 % ) ( 3 4 . 4 8 % ) 
Values in M moles NADH oxidlsed/mg protein/h + SEM 
Figures in parantheses indicate percent Inhibition. 
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Table-5 : Effect of i nh ib i to r s on arginine t ransaminaseact iv i ty 
in the cytoaol ic f rac t ion of afflphiatones. 
Inhibitors Cerumen! fee P.epiclitum C.explanatum 
OH 0.426 + 0.001 0,737 + 0.001 0.752 + 0.003 
( 22 .26 X ) ( 16 .62 * ) ( 5 6 . 7 5 X) 
DDO 0.548 + 0.009 0.847 + 0.001 0.705 + 0.001 
( No effect ) ( 4.18 * ) ( 59.45 X) 
EDTA 0.487 + 0.001 0.810 + 0.005 0.799 + 0.001 
( 11 . 13 \ ) ( 8.37 X ) ( 54.05 *> 
lA 0.365 + 0.001 0.810 + 0.001 0,799 + 0.001 
( 33.39X ) (8.37 * ) ( 54.05 X) 
SC 0.548 + 0.001 0.773 + 0.001 0,611 + 0.001 
( No effect ) ( 12.55 X ) ( 64.86 X) 
Values in M moles NADH oxidised/ng protein/h + SEM 
Figures in paranthesea indicate percent inhibition. 
Table-6 : Effect of inhibitors on arginlne tranBamlnase activity 
in the nitochondrial fraction of amphistoaes. 
Inhibitors G.crumenlfer P.eplclltum G.explanatum 
CH 1.939 + 0.001 0.969 + 0.001 0.355 + 0.001 
( 25 . 01 X ) ( 20 X ) ( 66.72 X ) 
DDC 1.939 + 0.001 0.727 + 0.001 0.711 + 0.001 
(25 . 01 X ) ( 40 . 01 \ ) ( 33.36 X ) 
EDTA 0.969 i 0.001 0.727 + 0.001 1.067 + 0.001 
( 62.52 X ) ( 40.01 X ) (No effect ) 
lA 2.586 + 0.001 1.212 + 0.001 0.711 + 0.001 
( No effect ) ( No effect ) ( 33,36 X ) 
SO 1.939 + 0.001 0.727 + 0.001 0,711 + 0.002 
( 25.01 X ) ( 40,01 X ) ( 33.36 X ) 
Values in AI moles NADH oxidised/ag proteln/h + SEM 
Figures in parantheses indicate percent inhibition. 
Table-7 : Effect of inhibitors on glycine transaminase activity 
in the cytosolic fraction of aHphlstones. 
Inhibitors G. crufflenlfer P.epiclitum C.explanatum 
OH 0.487 + 0.001 
(19.90 X ) 
0.881 + 0.001 
( 33.35 % ) 
0.658 + 0.002 
( 30 X ) 
DDC 
EDTA 
lA 
SO 
0.304 + 0.001 
( 50 X ) 
0.426 + 0.001 
( 29.93 X ) 
0.487 + 0.001 
( 19.90 X ) 
0.548 + 0.001 
( 9.86 X ) 
102 + 0.001 
16.64 X ) 
102 + 0.001 
16.64 X ) 
175 + 0.001 
11.11 X ) 
102 + 0.001 
16.64 X ) 
0.611 + 0.001 
( 35 X ) 
0.705 + 0.001 
( 25 X ) 
0.611 + 0.001 
( 35 X ) 
0.752 + 0.001 
( 20 X ) 
Values in M moles NADH oxidised/mg protein/h + SEM 
Figures in parantheses indicate percent inhibition. 
a 
Table-8 : Effect of inhibitors on glycine transaminase activity 
in the mitochondrial fraction of amphistomes. 
Inhibitors G.crumenifer P.epiclltum G.explanatum 
CH 1.293 + 0.001 1.454 + 0.002 0.711 + 0.003 
( 50 \ ) ( 14.31 X ) ( 58.63 \ ) 
DDC 1 . 2 9 3 + 0 . 0 0 1 0 . 9 6 9 + 0 . 0 0 2 0 . 7 1 1 + 0 . 0 0 2 
( 50 \ ) ( 42 .89 X ) ( 58 .63 * ) 
EUTA 1.293 + 0.001 0.727 + 0.001 0.355 + 0.002 
( 50 \ ) ( 57.15 * ) ( 79.34 % ) 
lA 1.939 + 0.001 0.727 + 0.001 0.711 + 0.001 
( 25.01 \ ) ( 57.15 \ ) ( 58.63 * ) 
SO 1.939 + 0.001 0.969 +0.001 0.533 + 0.002 
{ 25.01 X ) ( 42.89 X ) ( 69~» ) 
Values in AI moles NADH oxidised/mg protein/h + SEM 
Figures in parantheses indicate percent Inhibition. 
Table-9 : Effect of inhibitors on valine transaminase activity in 
cytosolic fractions of aaphistoBes. 
Inhibitors Cerumen! fee P.epiclltum G.explanatum 
CH 0.669 + 0.002 0.589 + 0.001 0.846 + 0.001 
(15.42\) (20.08 %) (12.5 X) •* 
DDC 0.487 + 0.001 0.700 + 0.001 0.752 + 0.002 
(38.43 %) (5.02 X) (No effect) 
EDTA 0 . 5 4 8 + 0 . 0 0 1 0 . 5 8 9 + 0 . 0 0 1 0 . 9 8 7 + 0 . 0 0 2 
( 3 0 . 7 2 \ ) ( 2 0 . 0 8 \ ) ( 3 1 . 2 5 X ) » » 
lA 0.608 + 0.002 0.663 + 0.001 0.611 + 0.001 
(23. 13 X) (10.04 \) (18.75*) 
SO 0.487 + 0.002 0.663 + 0.001 0.564 + 0.001 
(38.43 X) (10.04 X) ( 25 X ) 
Values in M moles NADH oxidised/mg protein/h + SEM. 
Figures in parantheses indicate percent inhibition. 
«« Indicates stimulation. 
Table -10 : Effect of Inhibitors on valine transanlnase activity 
» in the mitochondrial fraction of amphlBtomes. 
Inhibitors G.crumenufer P.eplclitum G.explanatum 
GH 1.293 +0.001 0.484 + 0.001 0.711 + 0.001 
(33.315!) (50. 05 \ ) (33 .36 * ) 
DDC 1.293 + 0.001 0.727 + 0.001 0.533 + 0.001 
( 3 3 . 3 1 % ) (24.97 \ ) (50.04 \ ) 
EDTA 0.646 + 0.001 0.727 + 0.001 0.711 + 0.002 
(66 . 68 \ ) (24.97 \ ) (33.36 \ ) 
lA 1.293 + 0.001 0.727 + 0.001 0.889 + 0.001 
(33. 31 \ ) (24.97 X ) (16.68 % ) 
SO 1.293 + 0.001 0.969 + 0.001 0.533 + 0.001 
(33.31 X ) (No effect ) ( 50.04 % ) 
Values in ju moles NADH oxidised / mg protein / h + SEM 
Figures in parantheses indicate percent Inhibition. 
&. 
the liver parasite G.explanatum, DDC and SC produced coaiderable 
inhibitory effect while CH and EDTA produced only 33X 
inhibition. lodoacetamide was found to be less inhibitory. 
The results of the kinetic studies are summarised in Table, 
11 and Figs. 4,5 & 6. The time course study revealed that the 
1 4 
uptake of 1.0 mM C-glycine was linear over the first 5 min of 
incubation in both the liver and rumen amphistomea. Thereafter 
the uptake follows a saturation kinetics. Marked differences were 
observed in the rate of C-glycine uptake of G.crumenifer and 
C.explanatum (Fig. 4). Maximum uptake of amino acid in 
G.crumenifer and G.expianatumwas observed when they were 
Incubated for 15 and 10 min respectively. 
When the amphlstomes under study were incubated in different 
concentrations of glycine ranging from 0.2 to 2. 0 rnM , it was 
observed that amino acid uptake occured via a mediated process 
with the involvement of an apparent diffusion component as * shown 
in Figs. 5 SI 6. The values for the total amino acid uptake (a) 
were corrected for diffusion component (c) and the values 
obtained for the mediated uptake (b) were plotted as described by 
Jeffs and Arme (1986). The mediated uptake follows a typical 
saturation kinetics obeying the Michaelis-Menten equation. 
Various transport constants like K^ and Vj^ gj^  showing the 
substrate affinity and the velocity were calculated from the 
Lineweaver-Burk (1934) plot prepared from the values obtained for 
the mediated uptake. The K^ and Vj^ ^^ ^ values for the amino acid in 
two parasites have been presented in Table, 12. 
u 
Table-11 : 
Time lapse study ( ^*C-glycine) 
Tlae (min) 
2 
4 
5 
10 
15 
20 
25 
G. crumenifer C.explanatum 
0130 
0268 
0173 
167 
0693 
0547 
0.469 
156 
209 
206 
282 
194 
239 
226 
Values are in n moles / gm (wet wt.) 
Subst.Cone.variation ( C-glyclne) 
Molarity(mM) G.crumenifer C.explanatum 
0 
0, 
0 
0. 
1. 
1, 
2 
0007 
0012 
0015 
0045 
0050 
0069 
0087 
0 
0. 
0 
0. 
0. 
0. 
0524 
0915 
1699 
2180 
2546 
3400 
0.5138 
Values are in n moles / gm / min (wet wt.) 
a c 
Table-12 : K^  and ^^^^-^ values for the absorption of C-glycine 
by C.explanatum and G.ccumenifer. 
Glycine 
Parasites 
•^ t m^ax 
C.explanatum 0.95 3 0.77 
G.ccumenifer 0.25 1.7 
%ax • " moles / gm (wet w t . ) / min, 
Fig. 4: uptake of 1.0 roM '^*C-glycine by G.crumenlfer and 
G.explanatum at different incubation periods. Each 
point ig the mean of two replicates. 
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Fig. 5: (A) Uptake of C-giycine by G.explanatum showing the 
mediated uptake (b) obtained from the total uptake (a) 
values corrected for diffusion (c). Each point is the 
mean of two replicates. 
(B) Llneweaver-Burk plot of mediated uptake ot (J 
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Fig. 6: (A) Uptake of '^^ C-glycine by G. crumenif er showing the 
mediated uptake (b) obtained from the total uptake (a) 
valuea corrected for diffusion component (c). Each 
point ia the mean of two replicates. 
(B) Lineweaver-Burk plot of mediated uptake of '^*C-
glycine in G.crumenifer. 
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Y-GLUTAMYL TRANSPEPTIDftSE : 
The membrane bound enzyme Y-GTP plays a key role in the 
transport of amino acids. In the present investigation Y-GTP 
activity was found more in incubated parasites in compario,on to 
controlled worms (Table 13). C.crumenifer showed more enzyme 
activity ( 78.554 n moles p-nitroaniline liberated / rag protein / 
h) as compared to G.explanatum in which 59.547 n moles p-
nitroaniline liberated / mg protein / h was recorded. 
CLYQIHE TRANSAMINASESGOT? : 
During the present study, effect of C-glycine on glycine 
transaminase was noticed in the homogenates of incubated worms 
infecting rumen and liver (Table,13). The enzyme activity 
recorded as follows. 
G.explanatum showed increased enzyme activity (0.264 AJmolea 
NADH oxidised /mg /h) when compared with G. criimeni fer (0.180 
Aimoles NADH oxidised/ mg/ h). 
It can be concluded from these results that transaminase 
activity was found higher in the rumen amphistomes as compared to 
liver amphlstome but interspecific quantitative differences were 
noticed in P. epiclitum and G. crumenifer. Further, it was 
observed that the cytosolic transaminase and the mitochondrial 
glycine transaminase of the G. explanatum was found more 
sensitive to various inhibitors. 
The other peculiar feature observed in the cytosolic valine 
transaminase of the liver amphistome was the stimulation in the 
presence of C7H and EDTA. This shows that the liver amphistome 
Table-13 : The effect of ^*C-glycine on the enzyme activity of 
Amphiatones. 
G.explanatum 
Incubated Control 
G.crumenifer 
Incubated Control 
Y-GTP 59.547 
+ 0.001 
50.078 
+ 0.001 
78.554 
+ 0.001 
59.328 
+ 0.001 
Gar+ 0. 264 
+ 0.001 
0. 16B 
+ 0.001 
0.180 
+ 0.001 
0.132 
+ 0.001 
» n moles P-nitroanillne liberated / mg protein / h. +SEM 
+M molea NADH oxidised / mg protein / h. + SEM 
r- r 
transaminases particularly Arg., Gly. and Val. transaminases have 
some distinct physico-chemical properties which are evident in 
the presence of different modulators. 
o x s o u S S I O N 
The results of transaminases in amphlstomes revealed 
that no generalization is possible as far as the level of enzyme 
activity is concerned even in the taxonomically closely related 
amphlstomes. 
In the transamination process a number of donor amino 
acids, particularly aspartate, arglnine, glycine and valine are 
Involved in P. eplclltum, G. cruaenlfer and G. explanatum. It 
was observed that the level of different transaminases activity 
varied in various amphistome species under study. Variations in 
the enzyme activity from species to species as well as in their 
sub-cellular fractions have been observed. Among aspartate, 
arglnine, glycine and valine transaminases, only aspartate 
transaminase showed the maximum enzyme activity in both cytoslic 
and mitochondrial fractions of G. crumenifer, P. epiclitum and G. 
explanatum. When aspartate was replaced by other amino acids like 
arglnine, glycine and valine , the enzyme reaction was reduced, 
indicating that these amino acids did not efficiently participate 
in the transamination reaction. However, arglnine, glycine and 
valine transaninases showed comparatively high enzyme activity 
in' the mitochondrial fractions as compared to cytosolic 
fractions. Since, the facilities of TEM were not available to 
the present author to monitor the purity of mitochondrial 
preparation. The aspartate transaminase was used as a marker 
enzyme for mitochondria because Abldi (1990) observed that 
•^ s 
aspartate transaminase activity is maximum as compared to other 
transaminases in the mitochondrial fractions of various helminth 
parasites. It is evident from these results that arginle, glycine 
and valine served as poor amino acid donor in transamination 
because of comparatively low enzyme activity. 
High enzyme activity of aspartate transaminase has been 
reported from different helminths by a number of workers ( 
Wertheim et al., i960; Abusenn, 1966 & Watts, 1970 ). According 
to Watts (1970) , arglnine and valine transaminases have very low 
transamination capacity while glycine does not transamlnate in 
Cryptocotyle lingua. Transamination of valine and arginine 
indicates that these amino acids are metabolised either for 
conversion into other molecules or for energy purpose as also 
suggested by Singh and Srivastava, (1983). In F. hepatlca 
arginine has been reported to transamlnate moderately (Daugherty, 
1952). Singh and Srivastava (1983) have further reported poor 
transamination of valine and arginine in both male and female A. 
gain. Conversion of arginine to ornithine (Senft, 1966) 
suggests the possible involvement of this amino acid in the 
ornithine urea cycle although low transamination has been 
observed in the amphistomes during the present investigation. 
Low transamination has been reported in A. lumbricoiaes when 
glycine was used as donor amino acid (Pollafc & Fairbairn, 1955,b) 
Differences in the enzyme activity occuring in G. 
crumenlfer, P. eplclitum and G. expianatum may be due to 
differences in the physico-chemical nature of the rumen and liver. 
Further, such variations may also be due to diet, age and 
reproductive phase of the worms (Daugherty,1952). Recent 
studies by Hanna et al. (1988) and Khan et ai.(1990) suggested 
that the biochemical variations in amphistomes may be due to the 
seasonal reproductive cycle as well as morphometrlc changes of 
the reproductive organs. Despite the poor transaminase activity 
with the arqlnine, glycine and valine, the Importance of 
transamination lies in the fact that the glutamate formed through 
transamintion reaction acts as a donor for the formation of a 
variety of nitrogenous end-products (Barrett, 1981) or may lead 
to the generation of ATP In mitochondria (Saz, 1971). While 
Bignificantly high level of aspartate transaminase activity 
Indicates that oxaloacetate produced from this reaction may enter 
Into the modified TGA cycle for the generation of energy 
(Barrett, 1981). 
The effect of various enzyme modulators indicates that 
In G. explanatum, all the modulators were effective In producing 
more than 50 X inhibition, while in rumen parasites (G. 
ccumenlfer and P. epiclitum), cyclohexlmlde, sodium dlethyldlthlo 
carbamate and ethylenediaminetetra-acetlc acid produced 
Inhibitory effects. The action of cyclohexlmlde Is )cnown to 
Inhibit DNA and cytoplasmic protein synthesis In Isolated 
mammalian tissue and yeast cultures (Bennett et ai.1964,1965; 
Slegel and Slsler 1964 a,b; Kerrldge 1958, Jamleson and Palade 
196ea). Cfyclohexlmide has also been reported to Inhibit 
incorporation of H-arginlne in HaematoloechUB medloplexuB 
5t 
(Pappas,1971) . Nollen (1968) has demonstrated that the 
cycloheximide causes reduction in the assimilation of leucine and 
tyrosine in P. megalurus, while in F. hepatica, the synthesis of 
Tj and T2 secretory bodies was inhibited by cycloheximide (Hanna 
and Threadgold, 1976) . In amphistoroes G. cruinenlfer and G. 
explanatum, cycloheximide has been demonstrated to produce low 
inhibitory effect on the GLDH activity (Abidi, 19B4). This 
clearly indicates that CH seems to be a potential inhibitor of 
protein metabolism of helminth parasites and the enzyme shows 
similarity with the host enzyme although the level of enzyme 
activity and inhibition differs. 
Ethylenediaminetetra-acetic acid, a known chelating 
agent is reported to inhibit cercarial activity at 1,2 mM 
concertrations (Lewert et al.. 1966). In S. mansoni EDTA produces 
both inhibitory and stimulatroy effects on Azocoilytic activity 
in presence and absence of cations respectively (Dresden and 
Edhin, 1974). In addition to this, EDTA inhibits trypsin and 
protease activity in various parasites (Juhasz et al., 1980). 
Contray to this, stimulation in proteinase activity has been 
demorstrated by EDTA in Giardia lamblla when urea denatured 
haemoglobin was used as substrate (Hareet al., 1989). In 
trematode parasites, EDTA has been reported to inhibit GOT 
activity of G. explanatum and G. crumenifer while stimulatory 
effect has been observed in E. malayanum ( Siddiqui & Nizami, 
1982 ). lodoacetamide is another Known inhibitor of SH linkage 
cleaving the disulfide cross-linkages. It also inhibits 
57 
proteinase' activity. Inhibitory effect of iodoacetamide on 
acidic tnioi proteinase activity has been reported from S. 
mansonl (Asch S. Dresden, 1979). Inhibition, of ^'^C-methionine 
uptake has also been demonstrated in H. diminuta (Read et al., 
1963) . 
Sodium diethyldithiocarbamate, a sulfhydryl containing 
group produced low inhibitory effects in comparison to other 
inhibitors during present investigation. It was observed that 
DDC inhibited the enzyme activity effectively in G. explanatum 
and G. crumenifer. DDC has also been demonstrated to inhibit GLDH 
activity in G. explanatum and G. crumenlfer (Abidi,1984). 
Semicarbazide hydrochloride has produced maximum 
inhibitory effect on the transaminase activity of G. expianatum 
only, during the present study. While, it has produced complete 
inhibition of GLDH activity in G. explanatum and 98 % inhibition 
in G. crumenlfer (Abldi,1984 ) . 
The results of C-glycine uptake reveal that the 
amphistomes under study make use of exogenous amino acid. The 
time course study showed that uptake of 1 mM glycine followed 
saturation kinetics. Amino acid uptake in liver parasite G. 
explanatum was observed different from the rumen amphistome G. 
crumenlfer. This difference may be due to the nutritional 
requirement of the parasites inhabiting different 
microenvironment, or due to osmotic and ionic differences in the 
microhabitat as Lussier et al. (1978) pointed out that amino acid 
uptake by H. dlminuta was found sensitive to the osmotic and 
ionic changes in the incubation medium. 
Absorbed glycine may undergo various metabolic process 
to fulfil the requirement of the organism.They may provide' energy 
in absence of a primary energy source. Glycine incorporation by 
amphistomes may be converted to pyruvate which finally enter into 
erergy metabolic pathway. The glycine is Known to transfrom into 
serine in the presence of serine hydroxy methyl transferase and 
serine is then converted to pyruvic acid. The reaction as 
follows : 
Serine hydroxy Serine 
Glycine ^ Serine ^ Pyruvic acid 
methyl transferase dehydratase 
Another possibility could be, its Involvement in the 
synthesis of glutathione by Y-glutamyl cycle. In the reaction 
glycine is attached to Y-giutamyl cysteine to yield glutathione 
by the action of glutathione synthetase. The reaction as 
follows : 
Glutathione 
Y-glutarayl cysteine + glycine + ATP ^ 
synthetase 
Glutathione + ADP + P^^ 
However, the occurence of Y-GTP has been reported from 
amphistomes but the functional role of Y-GTP cycle is still 
debatable. 
Varying the substrate concentration from 0.2 to 2.0 mM, 
it was found that amino acid was absorbed by a combination of 
diffusion and mediated transport. The mediated transport of 
amino acids in helminths is a well-documented phenomenon (Pappas 
uC 
& 'Read, 1975; Pappas, 1983; Jeffs & Arme 1985 a, b; 1986). The 
values of mediated transport were calculated after subtracting 
the diffusion component from the total uptake. The linear 
portion of the curve at higher concentrations was used for the 
calculation of diffusion component. Glycocalyx and thick 
syncitial layers of tegument of amphistomes may be responsible 
for the diffusion in the amino acid uptake by amphistomes (Abidi, 
1990). Diffusion component should be corrected in order to 
appropriate estimation of K^_ and V^ gj^  values (Barrett, 1981) to 
avoid diffusion through unstirred, stationary layer of absorptive 
surface. 
In order to ascertain the functional role of Y-GTP in 
amphistomes, an experiment was designed in which the worms were 
pre-lncubated in the presence and absence of ^ C -glycine and 
after the incubation the worms were used for the determination of 
Y-GTP and glycine transaminase activity. 
The results of this experiment reveal that Y-GTP 
activity is higher in G. crumenlfer, incubated in glycine as 
compared to the control worms. Since, Y-GTP is a known membrane 
bound enzyme which is involved in transmembranosis of amino acids 
Lehninger (1975) suggested that Y-GTP is an example of the group 
translocation mechanism in which amino acids bind to the enzyme 
protein and the complex is transported inside the cell where the 
amino acid is released. 
This clearly indicates that Y-GTP is involved in the 
transtegumental uptake of the amphistomes. Comparing the enzyme 
activity of liver and rumen amphistomes, Y-GTP is higher in the 
rumen amphlstome. This can be explained on the basis of physico-
chemical nature of the microhabitat, because the amino acid 
metabolism in rumen is predominant and aminogenesis is a 
predominant pathway of rumen ( Blackburn, T.H., 1965 ). 
The occurrence of Y-GTP has been demonstrated in M. benedenl but 
not in F. hepatica ( Kurelec S< Riiavec, 1976 ). Similarly, Singh 
et al. (1989) have demonstrated Y-GTP activity in the different 
regions of S. cervi. 
Recently, Abidi (1990) demonstrated that Y-GTP activity 
of the G. explanatum and G. crumenlfer is greatly influenced by 
the presence of various amino acids as well as during osmotic 
stress. This shows that Y-GTP being a membrane bound enzyme, 
probably plays an important role in the osmotic and ionic 
regulation of rumen amphistomes. Rumen is a habitat where 
greater osmotic and ionic fluctuations are expected as compared 
to liver. 
Contrary to these results, glycine transaminase 
activity was found maximum in the liver amphistome as compared to 
rumen parasite. This again can be explained on the basis of 
nature of the habitat, as liver is one of the main site where 
excess of amino acids are been transported after the assimilation 
in the gastro intestinal tract of the host. 
The differences in the enzyme activities of Y-GTP and 
glycine transaminase in the liver and rumen amphistomes lead us 
to' suggest that in the rumen parasite, the mechanism of 
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trasmembranosis is more efficient while in the liver parasite 
the efficiency of transamination is predominant. It is therefore 
suggested that the nature and efficiency of parasite metabolism 
Is Influenced by the physico-chemical property of the habitat. 
S U M M A R Y 
In the present study, some enzymes of the protein metabolism 
of amphlstomes of Bubalus bubalis have been Investigated. 
Different species of amphlstomes occupying various habitats were 
selected which are Known to cause considerable economic loss in 
our farm animals.The main aim was to investigate the similarities 
and dissimilarities which might exist as a result of biochemical 
adaptations, niche segregation and phylogenetic variations among 
parasites. Gaatrothylax crumenlfer, Paramptiiatomum epiclitum were 
collected from the rumen and Gigantocotyle explanatum from the 
liver of infected buffalo. As first step some enzymes of protein 
metabolism were assayed because enzymes are regarded as the keys 
of metabolism that unravel the metabolic idlosyncracies. The 
subcellular distribution and possible functional role was also 
Investigated. 
2-oxoglutarate linked transaminases were found In both the 
cytosolic and mitochondrial fractions of the three parasites 
under study. Quantitative as well as qualitative differences were 
observed in both the fractions of these parasites. On comparing 
the transaminase activities among the rumen and liver parasites, 
aspartate transaminase showed the highest enzyme activity in the 
subcellular fractions of these parasites. Further it was observed 
that among the rumen amphlstomes, arglnine, glycine and 
aspartate transaminase activities were maximum in the cytosolic 
fraction of P. epiclitum while maximum activity of arginlne. 
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glycine and valine transaminases was found in the mitochondrial 
fraction nf G. crumenlfer. It was also observed that in the 
cytosollc fraction of G. explanatum, arginine transaminase 
activity was higher in comparision to rumen parasites. 
Variations in the enzyme activity in these parasites may be 
due to differences in physico-chemical nature of the habitat as 
well as diet, age and reproductive phase may also influence the 
enzyme activity. Highest enzyme activity of aspartate 
transaminase indicates that oxaloacetate produced from this 
reaction may enter into the modified TCA cycle in order to 
generate energy. 
Varying responses of the transaminases to different enzyme 
modulators ( inhibitors/ stimulators ) reflect not only the 
individual metabolic differences of parasites but also suggest 
the variations in the nature of enzyme molecules. During' the 
present study, it was observed that CH, DDC, EDTA, lA and SO 
induced inhibition of varying degree both in cytosollc and 
mitochondrial fractions of the araphlstomes under study with the 
exception of cycloheximide and EDTA which produced stimulatory 
effects in the cytosollc fraction of G. explanatum in presence of 
valine. Further it was also observed that DDC and semicarbazide 
hydrochloride did not produce any effect on the cytosollc 
arginine transaminase of G. crumenlfer. lodoacetamide and EDTA 
showed no effect on arginine transaminase activity in the 
mltochodrial fraction of G. explanatum. Similarly lodoacetamide 
produced no effect on the mitochondrial arginine transaminase of 
p. epiclitvm. Mitochondrial valine transaminase also did not 
respond to DDC and semicarbazlde in both G.explanatum and 
P.epiclitum. 
In order to find out the differences in the netabolism of 
the parasites as a result of inhabiting different habitats , the 
^*C-qlycine uptake was Investigated in liver and rumen 
amphistomes. The results of time lapse study revealed that at 1 
mM concentration, the uptake was linear over the first 5 minute 
of incubation in both G. cruaenlfer and G. explanatum. The uptake 
of ^ C-glycine at different concentrations ranging from 0.2 to 
2.0 mM, takes place via a mediated process alongwith the 
involvement of a diffusion component in both the amphistomes. The 
uptake of labelled amino acid in the presence of an increasing 
cocentration of their unlabelled homologues indicate the 
involvement of a carrier. 
In order to ascertain the functional role of Y-GTP and 
glycine transaminase in amphistomes, the worms were prelncubated 
in presence and absence of C-glyclne and thereafter the Y-
GTP and glycine transaminase activities were assayed. 
The rumen parasite G. crumenlfer showed more Y-GTP and less 
glycine transaminase activity when incubated in the presence of 
14 
O-glycine and in liver amphistome the level of enzymes is 
completely reversed. 
Thus it can be concluded from these studies that various 2-
oxoglutarate linked transaminases are present in all the 
amphistomes inhabiting different habitats. Although the level of 
f~ C 
enzyme activity in various fractions as well as in total 
homogenate considerably varies from species to species. Different 
degree of stimulation or inhibition in presence of various 
modulators lead us to suggest that the enzyme molecules differ In 
their physico-chemical properties as a result of biochemical 
adaptations to habitat. The kinetic studies of C-glyclne 
suggest that these amphlatoneB poBBesa a carrier mediated 
transport with a diffusion component for the uptake of these 
amino acid. The Y-GTP plays a dominant role in the uptake 
mechanism and possibly the Y-GTP cycle la operative at membrane 
level. Although the level of this enzyme shows differences in the 
parasites of different habitats. This preliminary study provides 
the basic information about the catabollsm of proteins In 
amphlstomes and further studies are certainly required to work 
out the various catabolic pathways In parasites Inhabiting 
different micro environments. Different levels of enzyme activity 
in varying response to different stimulators and Inhibitors 
reflect the individual metabolic differences due to physico-
chemical nature of the habitat. In the kinetic studies. It was 
noticed that amino acid uptake also occurs Involving the Y-
glutamyl transpeptidase and thereafter, various anabolic and 
catabolic processes make use of amino acids depending upon the 
metabolic needs of the parasites. 
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